Introduction
The world economy has significantly expanded within the last five decades and started to exceed the Earth's resources capacity. Many forms of environmental degeneration such as soil erosion, aquifer deficiency, rangeland deterioration, air pollution, and climate change have huge negative impact on Earth ecosystem. If the world continues to move in this direction, it will eventually destroy its natural support system. The long-term solution to this problem is to apply ecological principles of sustainable economic development (Brown & Mitchell, 1999) .
There are several factors influencing countries economic performances. Most commonly considered are economic openness & competitiveness, corruption level, economic regulations, geography and culture. Some of them, like geography or culture are inherent to the given economy; others like economic competitiveness or legal system can be augmented by the government to stimulate the economy.
Interestingly the same productivity determinants described above, are also influential to countries ecological performances. Moreover we can distinguish between fixed factors and those that could be stimulated by the policy makers. It is reasonable that countries rich in fossil fuels are far more likely to pollute the environment more than others and the legislature in those countries will be reluctant to impose any economic restrictions that would change that. However, if such a country is in close proximity to the countries imposing green policies its economy is also likely to be influenced by them. Such a trivial example shows how productivity factors can do both: shape the given country's economic policy and influence its ecological performance as well.
According to the theory of economic growth, fiscal as well as legal policy of the given country can be regarded as both: a part of, and a result of economic productivity determinants (Fried et al., 2008) . Additionally empirical studies have shown that there is "no general pattern which could form the basis of universal policy conclusions with respect to productivity growth" (Koop et al., 1999) . For example, it is not reasonable to compare ecologic policy systems and their impacts on economic performances between countries such as USA and Finland (which population is less than New York City). Both are shaped by very different economic circumstances. What we can do, however, is to pinpoint factors influential to the ecological status and study the impact they have on a macro scale (the whole economy).
Until 1970s there was no significant pro ecological activity regarding different countries' governments, but the first Earth Day brought about more public attention to widespread pollution of the environment. During 1960s and 1970s, organizations have mostly rejected their impact on the environment. However, after experiencing international ecological problems, countries came up with a variety of regulations to prevent further environment degradation. After requirements became legitimate, organizations were forced to accept the responsibility to protect the surroundings they were operating in. Eventually some of them realized that complying with environmental standards and following eco best practices can be beneficial to the organization as well. Thus, more and more companies started turning "green" not only to reduce pollution, but also to increase profits (Hart, 1997) .
The common view is that fixed trade-offs between ecology and economic performance exist. Social benefits that come from strict environmental regulations are placed versus private costs, which are spent for prevention and cleanup activities (Porter & van der Linde, 1995) . Succeeding in one field has to result in other's failure. That is why we can find a lot of examples of negative economic effects for companies that have been coerced to comply with environmental regulations (Jaffe et al., 1995) .
Economic difficulties related to becoming "green" can also be supported by consumer's market barriers (Bonini & Oppenheim, 2008) . Consumers are saying to be eager to act green, but when it comes to the actual purchase of green goods, only one third keeps its word. Organizations have to face these obstacles and make an effort to break down five barriers with the solutions provided by Bonini and Oppenheim (2008) .
In spite of prevailing assumption about inefficiency caused by environment regulations, the view is being increasingly challenged (Feiock & Stream, 2001) . As organizations are functioning in a dynamic competitive world, they are constantly finding innovative solutions that lower their production costs and increase their products' values. By applying pro environment principles firms can benefit their resource productivity in many ways. Moreover, being environmentally friendly can reduce energy consumption, lessen risks, increase competitiveness, strengthen company's brand and increase its revenue (Bonini & Oppenheim, 2008) .
Several studies found a positive correlation between state environment and economic indicators in the USA. The most environmentally friendly states occurred to also have strongest economies. Despite "trade-off challenging studies" being informative, some methodological and conceptual limitations exist and yet no advanced theoretical model, explaining the environmental polices' influence on growth, has been developed. There is no convincing empirical evidence that would deny the economical versus ecological trade-off idea (Feiock & Stream, 2001 ). This paper is trying to fill at least some of the gap that Feiock and Stream discuss and analyze the relationship between pro-environment activities and the economic performance.
Environmental Performance Index
During the last decade advancing technology had a huge impact on data-driven decision making. Quantitative research methods have changed significantly these processes in many areas: from economics, through business, health care, education, to biology. Environmental policymakers also realized the importance of analytically based approach in solving environmental problems. Unfortunately environmental planning was hampered by many gaps in available empirical data. To address the problem of lacking information, improve environmental policymaking, and measure current national environmental performance, Environmental Performance Index has been developed (Yale Center for Environmental Law & Policy, & Center for International Earth Science Information Network, 2008).
As EPI 2008 Main Report states, the EPI indicator: "deploys a proximity-to-target methodology, which quantitatively tracks national performance on a core set of environmental policy goals for which every government can be -and should be -held accountable. By identifying specific targets and measuring the distance between the target and current national achievement, the EPI provides both an empirical foundation for policy analysis and a context for evaluating performance. Issue-by-issue analysis and aggregate rankings facilitate cross-country comparisons both globally and within relevant peer groups such as Environmental Performance Index tries to measure current national environmental protection efforts related to two core objectives Environmental Health and Ecosystem Vitality. The first one is oriented towards reducing environmental stresses to human health whereas the second one deals with ecosystems and natural resources protection.
Broad review of environmental science literature and consultations with many scientific advisors resulted in combining 25 indicators that reflect ecosystem's condition in each country. In order to show the performance in each category as best as it was possible, several selection criteria were applied: relevance, performance orientation, transparency, and data quality.
The index serves as a foundation for cross-country and cross-sectoral performance comparisons. Moreover, as EPI includes datasets from additional nations, the future EPI will permit worldwide data aggregations that will allow exploring world community's influence on the environmental sustainability.
Methodology
The framework used in this paper is based on production Frontier Analysis. The idea here is to estimate all maximum attainable output-given-inputs combinations and then compare them to the observed outputs. The difference between the two denotes the given country's efficiency. Since the efficiency of each unit is determined by the ratio of observed output to its potential, given the currently employed inputs, it allows us to benchmark the countries of different sizes against each other. Frontier Analysis has been extensively used in the field of ecology (Jeon & Sickles, 2004; Zaim, 2004; Arcelus & Arocena, 2005 or Henderson & Millimet, 2005 as well as macroeconomics studies (Cherchye, et al., 2004; Despotis, 2005; Yoruk & Zaim, 2005 or Makieła, 2009 .
In order to investigate the impact the environmental performance of the given country has on the macro scale productivity we implement Bayesian approach to Stochastic Frontier Analysis developed by Koop, Osiewalski and Steel (2000) . In short, the method allows us to introduce additional explanatory variables to the basic macroeconomic productivity model and then to assess the impact they have on shifts within the frontier. These shifts determine impacts these additional variables have on countries performances.
Stochastic frontier analysis is largely based on production theory and its purpose is to trace changes to productive efficiency. Consider that:
where ݂ሺ‫ܭ‬ ௧ ǡ ‫ܮ‬ ௧ Ǣ ߚሻ is the production function, here linear in respect of natural logs of ܻ, ‫ܭ‬ and ‫ܮ‬ (indicated by their lower case letters); ܻ ௧ is the macroeconomic production output; ‫ܭ‬ ௧ and ‫ܮ‬ ௧ are capital and labour inputs respectively, for i's country in year t. The underlying assumption is that the change in macroeconomic output is the result of the change in the i) quantity of inputs and ii) the way they are used in production. The latter is broadly referred to as the change in productivity (TFP) and there are two ways to consider it. First, when the production technology is progressing (ܶܲ ௧ ) it augments parameters of the function that describes it. This way, more products can be made given the same quantity of inputs. In our model this is denoted by ܶܲ ௧ ൌ ሺߛ ή ‫ݐ‬ሻ, where ‫ݐ‬ is the year index and ߛ is the parameter to be estimated. Second, productivity may shift as a result of the change in country's technical efficiency. This may be due to a number of factors, like i) changes in work culture over time, ii) governmental policies, or even due to such incidents like iii) major natural disasters in the region. Thus, we specify ‫ܨܧ‬ ௧ ൌ ሺെ‫ݑ‬ ௧ ሻ, where ‫ݑ‬ ௧ (non-negative by construction) denotes i's country inefficiency in year t (its distance from the frontier). The Bayesian normal-exponential model corresponding to the above assumptions is:
‫ܭ݁‬ and ‫ܮ݁‬ are factors' elasticity in the standard CobbDouglas production function 1 , ߪ ିଶ is the inverse variance (precision) and ‫‬ሺߚሻ ൌ Ͳ if regularity conditions are breached. ݂ ே ே் ሺή |ߙǡ Σሻ is an ܰ ή ܶ-varied normal distribution with ߙ mean and Σ covariance matrix; ݂ ீ ሺή ȁߙǡ ߥሻ denotes gamma distribution with ߙ being the shape parameter and ߥ the inverse scale parameter, so that the mean is ߙȀߥ. We set ܽ ൌ ܾ ൌ ͳͲ ି in order to make the prior on ߪ ିଶ close to the standard non-informative prior (Koop et al., 1999 for a discussion). Furthermore, in order to try to explain patterns of efficiency behaviour across countries Koop et al. (2000) use Variable Efficiency Distribution model (VED), in which they allow the mean of inefficiency distribution ሺߣሻ to depend on a set of exogenous factors according to
, where ‫ݓ‬ ௧ is the it'th element of W j , W 1 is a matrix of ones, and ߮ ൌ ሺ߮ ଵ ǡ ǥ ǡ ߮ ሻ is a vector of unknown parameters. Here we implement this methodology to assess the impact of countries' Environmental Performance Index scores on efficiency distribution across them (m=2). Thus, the prior on ߮ ଵ is ‫‬ሺ߮ ଵ ሻ ൌ ݂ ீ ሺ߮ ଵ ȁͳǡ െ ሺ‫ݎ‬ ‫כ‬ ሻሻ and for ߮ ଶ it is, where r* is the prior median efficiency, here set at 0.8 (see, e.g., Greene 2008 for discussion). The Gibbs sampler, which we use in this study, requires drawing from full conditional distributions. Fortunately in this model they can be derived analytically, and can be found in the works of Koop et al., (1999 Koop et al., ( , 2000 . Considering the arguments presented in Marzec and Osiewalski (2008) , we use 0-1 variables instead of continuous random to reduce the computation burden 2 . One indicates that a country has scored above EPI country average, zero otherwise.
Results and analysis
The study is based on a set of 13 EU countries analyzed over the period of ten years (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) . The data come from EU KLEMS database (see O'Mahony, & Timmer, 2009), and are complemented by Eurostat-OECD statistics on Purchasing Power Parities (PPP's) in order to account for differences in currencies' purchasing powers across countries. To estimate our macroeconomic production function we choose the following variables:
• "Gross Value Added (GVA) in constant international dollar, 1995 prices" 3 for our output indicator, "fixed capital stock in constant international dollar, 1995 prices" "total hours worked by persons engaged" as input indicators for capital and labour respectively,
• EPI estimates from 2008 edition as additional explanatory variable influencing efficiency distribution among the countries in question.
We ran 600 thousand draws, discarding the first 100 thousand. Application of Markov Chain Monte Carlo methods (MCMC), such as Gibbs sampler, requires us to 1 Although this could be easily extended to a more complex functional form like translog, we have found that such an extension has no impact on inference about posterior efficiencies' distributions, and thus brings no insight into the subject of this research.
2 Switching to continuous variables would have profound implications on conditionals as they would have a nonstandard form. Then one would require a more complex algorithm.
3 Although we start our analysis from 1998, EU KLEMS uses 1995 as a reference year for their capital stock estimates. Thus, we decided to keep their reference year. methods (MCMC), such as Gibbs sampler, requires us to monitor convergence of the chain to its limiting stationary distribution. In order to facilitate this, we use CUMSUM statistics proposed by Yu and Mykland (1998) , and apply them after burn-in period. Figure 1 presents a plot of CUMSUM statistics for eL (labour elasticity) and 0 (constant). The graph shows that the chains rapidly stabilize long before the end of the simulation. Based on the retained draws we calculate point estimates of placement and dispersion measures of posteriors efficiencies. Additionally, for the main model parameters (Table 1) , we compute more detailed statistics of their posteriors. The results are summarized in Tables 1 and  2 . Not to our surprise, the least efficient countries in the sample are Eastern Europe's post communist economies. As indicated by their posterior means, though Poland and Czech Republic's efficiencies have risen significantly within the analyzed period, both countries still have much to catch up in respect of their Western partners. Estimation results for Environmental Performance Index influence on countries' technical efficiency can be viewed in Table 1 and Figures 2, 3 -߮ ଵ (intercept) posterior did not change much its mean (nor median) in comparison to the prior, concentrating more around it and significantly decreasing its asymmetry. For ߮ ଶ (EPI), on the other hand, the posterior mean has been significantly altered by the data in respect to the prior. The information within the sample has significantly pulled the posterior away from the neutrally positioned prior towards higher values. When comparing the posterior of ߮ ଶ with its prior we can see that their probability masses do not overlap much (Figure 2 ). This provides us with the evidence that environmental performance tends to play a positive role in the economy and stimulates its productive performance. Countries that scored high in environmental protection and sustainability (according to EPI index) had on average better economic performance by 15% (see Figure 3) . 
Conclusions
The aim of this paper was to provide information on environmental factors impact on countries' economic performances. The study allows us to draw several conclusions on the matter.
First of all, the results show that environmental performance seems to have significant influence on country's economic performance. Hence, pro environmental actions do seem to play a significant role in explaining the source of the given country's high productivity.
Second, the environmental factors play rather minor roles in comparison to production inputs (capital, labor) and technology. Nonetheless, even though economic benefits tend to be small we should remember that the main purpose of those factors is to influence sustainability of the environment in an economy.
Third, the fact that those countries which have high environmental performance also tend to have higher technical efficiency, primarily deals with the fixed tradeoff notion. The sample does not provide any support to the fixed trade-off idea. What is more, it states otherwise. Going green does benefit economic performance.
To conclude, this research has a strictly quantitative character. It seems that framing the problem into the field of macroeconomic performance analysis allowed us to consider the issue in more detail and avoid any inconsistencies. Furthermore, considering model's advanced specification Bayesian inference seems to be the only proper way for empirical implementation. However, proving that environmental performance is positively correlated with economic performance can only contribute to stating governments' policy goals. To go beyond this area and draw detailed conclusions from particular actions requires further research. Specific procedures for policy makers on means to achieve particular policy goals have to be derived from additional qualitative studies that would include well performing (economically and ecologically) countries such as Sweden, United Kingdom and Finland. Moreover, it cannot be forgotten that many ecological determinants are specific to the given economy, and thus it is advised to pay great attention to their relationships with the given country's environment performance while coming to any conclusions.
